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Megaprogramming in Ada Course: Software Enginecring, Workbook

UNIT 1: SOFTWARE ENGINEERING

UNIT SUMMARY

Much industrial software development produces very large software systerns, consisting of millions
of lines of code. Such a system takes years to develop. It’s a team effort, not an individual activity. In
fact, a software system is typically a joint effort by several companies.

Your Computer Science courses have probably concentrated on writing code. To write code requires
many skills, These skills include mastering a programming language, using algorithms and data
structures, and using a compiler—all fundamental skills you need each time you create a program. Yet
despite the need for these skills, they are not the most important ones professional programmers
possess. Writing code is the smallest, easiest part of developing software. There are other activities
that consume far more time and require much greater skill.

Programming in-the-large (that is, devcloping large software systems) is very hard. Most large
software systems are delivered later than planned and contain bugs. Many people even believe this
country faces a software crisis because programming in-the-large is so difficult.

Why is developing large software systems so hard? Much of the reason stems from two factors: change
and complexity. We will study change and complexity in this course.

Once software is written, it changes. This is a fact of life. When you write software, you scldom
anticipate all the ways it will be used. (Consider that, as of this writing, Microsoft Corporation has
produced six versions of DOS, six versions of Word, and three versions of Windows.) Also, you seldom
discover all the bugs. New uses and bugs call for change. The problem with change is not that it occurs,
but that implementing a seemingly simple change often requires huge amounts of work. If you've ever
made a change that rippled throughout your program, you understand why. Then tco, think of how
much more work you would have if you also nceded to change user’s manuals, installation guides, and
other supporting material that accompanics large software systems.

Programs are complex because of the sheer number of details inherent in them. No doubt you realize
that the larger your program, the more things you need to keep track of. But really, complexity only
truly manifests itself in team settings. Though you may understand your own code well enough, you'll
experience troubles explaining its inner workings to someone else (you'll have a chance to try in
Unit 2). Therefore, when you write software in a team, you spend much of your time communicating
with other team members about the software. You also spend much of your time writing technical
documents that describe your work. Management briefings, user’s manuals, and design reports are
examples of such documents. Therefore, complexity necessitates communication.

Change and communication make developing software potentially very problematic. For this reason,
this course shows software development to be an exercise in engineering. This is why Unit 1 introduces
software engineering as the preferred way to develop software, The dictionary defines engineering as
the disciplined application of science and mathematics in making systems that are useful to humanity.
Software engineering is applying science and mathematics to help you make useful software systems.

When you practice software engineering, you fcliow a software development process, shown in
Figure 1. The process breaks software development into a set of coherent steps. In each step, you focs
on a particular aspect of developing software:

X
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¢ In the Requirements step, you focus on the problem you must solve.

¢ In the Design step, you focus on organizing a solution to the problem you defined in the
Requirements step.

» Inthe Code step, you write source code, implementing the plan you created in the Design step.

» In the Test step, you test the software you created in the Code step to be certain it meets the
requirements you defined.

Focusing on specific areas in each step helps you deal with change and communication problems.

Requirements

Define the problem.

Design

Plan how the software will be organized.

v

Code

Implement the plan by writing the code.

Test

Test the software to make sure it works.

Figure 1. The Scftware Development Process

Programming languages can also help you dcal with change and communication problems. In this
course, you will learn about the programming language Ada. You will see how a softwarc developer,
through careful and correct use of Ada’s features, can facilitate communication of necessary
information to other software developers in a team. You will also sec how developers can use these
features to lessen the worklcad in response to change.
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3\
é UNIT 1: SOFTWARE ENGINEERING

-\

. GROUP ACTIVITY

COMMUNICATION

Your Student Government Association has decided to purchase a vending machine and wants you tn
build it from the following parts:

1. A money acceptor
2. Achange dispenser
3.  Asetof food dispensers
4. An item selector
Split into groups. Allocate the parts among the peopie in your group. Working independently,

everyone must write down which other parts they think will interact with their own part. When
cveryone is finished, get together and compare your results.
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@
HOMEWORK .
Look up the definition of engineering in a dictionary. What does it say? Based on this definition, what 3
; do you think software engineering is?
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UNIT 1: SOFTWARE ENGINEERING

TEACHER NOTES FOR EXERCISES
GROUP ACTIVITY

COMMUNICATION

Your Student Government Association has decided to purchase a vending machine and wants you to
build it from the following parts:

1. A money acceptor
A change dispenser
A set of food dispensers

An item selector

A o

A coin return button

Each of these is visible to the person operating the machine. Behind the scenes, however, they work
together to provide people with vending services.

Split into groups. Allocate the parts among the people in your group. Working independently,
everyone must write down which other parts they think will interact with their own part. When
everyone is finished, get together and compare your results.

Figure 2 depicts onc possible set of interactions.

Item . Food
Selector Dispenscers
e
Money
Acceptor .
Cuin Change

Return =77—————3p  Dispenser
Figurc 2. Interaction Among Vending Machine Parts

That is, the moncy acceptor lets the item selector know how miuch money has been fed in to dute. The item
selector notifies the food dispenser when the person makes a choice and arranges for change to be dispensed
if the person has fed in more money than the item costs. The money acceptor also notifies the coin retum
how much has been fed in; if the person presses the coin return button, then the coin return has the change
dispenser provide change.

This is only one possible solution. When students do this activity, they will probably come up with conflicting
ideas of how the parts interact. Of course, if they had agreed on how each part behaves beforehand, they
would not have had this difficuly.

This activity illustrates the need for communication in software. Too often, group members begin working
without a clear idea of what everyone else is doing. The result is akin to what the students will experience
in this activity.
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HOMEWORK

Look up the definition of engineering in a dictionary. What does it say? Based on this definition, what
do you think software enginecring is?

Dictionaries define engineering as the application of science and mathematics (some add arts) in order to
make properies of matter and nature useful to humanity in structures, machines, systems, or processes.

Software engineering, then, is the application of science, mathematics, and arts (to appreciate the artistic
component, look at some modern multimedia applications) in order to make properties of matter and
nature useful to humanity in creating software systems. There are two types of properties:

1. Properties of matter and nature. These corne from the problem you're solving. For example, if you
arewriting a program that calculates the time a ball takes to fall when dropped from a certain height,
you use properties of gravity as determined by the laws of physics.

2. Properties of software. Software is not matter, and it does not occur in nature, o we must consider
its properties separately. Software properties include algorithm execution speed (the big O notation)
and memory use. These properties are what make up the discipline of computer science.

6
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UNIT 2: ABSTRACTION

UNIT SUMMARY
ABSTRACTION

Abstraction is a technique employed during software design. It lets the developer temporarily
suppress irrelevant details so he or she can concentrate on essential information. Developing software
requires defining a great deal of detail, so any techniques that can be used to consider information
selectively are of great value. Abstraction is one such technique.

What is “essential information” and what are “irrelevant details”? Typically, essential information is
the data you need in your program and what you will do with it. The irrelevant details are how you will
represent that data. In general, you can use this division into what versus how to help you differentiate
between essential information and irrelevant details.

For example, suppose a program is to create a file of intcgers whose content is that of another file of
integers, but in reverse order. You can design a program that does this as follows. The program will
read the integers from the input file, storing cach one on a stack as it is read. When all integers have
been read, the program will pop cach integer off the top of the stack and write it to the output file.
In this design, you have created four modules: one to read input, one to write output, one to hold the
stack, and one to control the others (see Figure 1).

Input Control Output
Module i J

Module Module

| |

Stack
Module

i |lwlasa]lwlion ]

Figure 1. Module Design for Reversing a File of Integers

When you're working in a team, it’s important to create the module design. You can assign each person
one or more modules. This is a good way for tcam members to work together,

Recall that a stack is a lincar list of values accessible only through a fixed set of operations: Push, Pop,
Top, Is_Empty, and Size. This statement of a stack is an abstraction. It proclaims the essential
information—namely, what five operations can be used to access a stack. It also defines what kind of

descriptive information other packages can see, for example, the stack’s size. It suppresses irrelevant
details, such as how the stack will be represented.
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This essential information is the abstraction’s specification. In Ada, you can package the essential
information to show its interrelatedness.*

package Integer_sStack is
procedurs Push(Element: in Integer);
wrocedure Pop;
function Is_Empty return Boolean;
function Top returm Integer;
function Size return Integer;

end Integer_Stack;

In Ada, the package construct groups together a set of procedures and functions. (You can also include
constants, variables, and data types, as will be shown later.) Everything between the first line and the
end line is declared to be part of the package specification. This package specification declares two
procedures and three functions. The first procedure, Push, has a singlc parametcr, Element. This
parameter is declared in, which means that you must supply a value for it when you invoke it.
Furthermore, its value will be unchanged when Push finishes.

The specification gives you enough essential information to let you write most of the program.™**

with Integer_Stack;
procaedure Wriiec_OQOutput is

with Integer_Stack;
procedure Read_Input is

Element: Integer; Element: Integer;
begin begin
Open(lnput_rile, In_File, Open (Output_File, OulL_lile,

File_Name)}; FFile_Name) ;
Set_lnput(Input_File); Seot_Output (Output_lrile);
while not Lund_Of_File loop while Integer_Stack.Size > 0 loop

Get (Element) ; Element = Integer_Stack.Top;
Integer_Stack. Push (Elewment) ; rut (Element) ;
end loop; Inteygyer_Stack.Pop;
Close{Input_File); end loop;
end Read_TInput; Close (Output_File);

end Write_Qutput;

These two procedures both begin with the line with Integer_Stack, meaning that the information
in the package specification of 1nteger_stack is within their scope. They can, thicrefore, within
invoke push, Pop, Top, and size. Notice that references to these procedures and functions are
preceded by the package’s name and a period; e.g., Integer _Stack. Pop. This is Ada’s way to avoid
ambiguities, since other packages might have procedures and functions with the same names as those
found in Integer_Stack.

The package specification serves as a contract with other modules in the program. When you write
it, you are suppressing the implementation as an irrelevant detail but promising that you will develop
an implementation that provides the functions stated in the specification. In Ada, you place this

implementation in a package body, which is separate froni the package specification.
*  Inthe code fragments, Ada reserved words are shown in beldface type.

**  Forsimplicity and clarity, the code examples omit details of file input and output,

&)
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package body Integer_Stack is
Index: Integer := 1;
type Stack_Representation is array (1..100) of Integer;
Stack: Stack_Representation;

procedure Push(Element: im Integer) is
begin

Stack (Index) := Element;

Index := Index + 1;
end Push;

procedure Pop is
begin

Index := Index - 1;
end Pop;

function Top return Integer is
begin

return Stack_Contents{Index-1});
end Top;

function Size return Integer is
begin

return Index--1;
end Size;

end Integer_Stack;

Other modules, such as Read _Input and write_output, do not need to know any details of the
implementation. They only need the information in the specification, The Ada programming language
enforces this, Read_Input and write_Output can access the information in the package
specification, but cannot access the information in the package body. They can invoke size but cannot
determine that stack is an array or that size works by aceessing the variable ndex. The designer
of Tnteger _stack has hidden the irrelevant details. This shows how you can use abstraction to write
a module that shows to other modules only what you consider to be essential information.

Ada packages help teams design and implement programs using abstraction. A team will assign a
single developer the respousibility to develop a module such as a stack. The developer will design an
Ada package specification for the stack. He or she will then compile the stack’s specification and place
itin a central library that all the other team members can access. The other members who need a stack
can reference the abstraction as they develop their own programs. This gives them access to exactly
enough information to design and implement their own modules. Meanwhile, the stack developer will
implement the package body for the stack, then compile the package body and place it in the library.
Note that other team wembers can compile their modules without the stack package body, but they
can’t execute them until the stack package body has been placed in the library!

4
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N UNIT 2: ABSTRACTION
»
GROUP ACTIVITY &)
Split the class into two-person teams. One member of the team should examine the following code:
type A im array (<>) of Integer; »
procedure p(pl: in A;
p2: in Integer; X ‘
p3: out Integer) 1is l
u, m, 1: Integer;
begin > 1
1l := a'first; ‘
u := a'last; I
while 1 < u loop I
m o= (l+u)/2; 1
if pl(m) = p2 then |
p3 = m; »
xeturn;
elsif pl(m) > p2 then |
u = m-1l;
alse
1 :=m+ 1;
) end if; » L
end loop;
p3 - a’firot-1;
end p;
Deseribe the irrelevant information in this code to your partner. In other words, do not discuss what
you believe is the purpose of this code. Iustead, discuss only the algorithms and the data it uses. ’
\ . L . . S
! Your partner is to guess the essential information from your deseription: what purpose the code
| accomplishes. The essential information should be described in terms of two things:
\
¢ The value of p3 when the procedure finishes excenting ) ‘
I i
1
} ¢ The name of the procedure ‘
"
|
i ]
| %
|
g | |
: ; |
. ) !
i
| |
B i “
L |
,. ! }
i )
i
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UNIT 2: ABSTRACTION ‘

TEACHER NOTES FOR GROUP ACTIVITY %)
Split the class into two-person teams. One member of the team should examine the following code:

type A is array (<>) of Integer: »
procedure pi(pl: in A;
p2: in Integer;
p3: out Integer) is
u, m, 1l: Integer;
begin
1 a’'first; >
u := a’'last;
while 1 < u loop
m o= (l+u)/2;
if pl{m) = p2 then
p3 = m; [ ]
return;
elgif pl(m) > p2 then
U = n-1;
else
1 :=m + 1;
end if; » ®
end loop;
p3 := a'first-1;
end p;

n

A fewwords are in order to the tcacher who knows Pascal but not Ada. You may wish to rewrite this example
in Fascal for your students, since the purpose of the activity is to understand the algorithm rather than to »
learn Ada. In any case, here is some explanation of the code,

*  The notation <> in the top line is Ada's notation for unconstrained array bounds that are
determined when a procedure is called. Thus, any array of integers can be passed to p. The notations
a’firstand a’last (read “a tic first” and “u tic last,” respectively) are the upper and lower >
indixes of whatever array is pussed to p.

» Instead of Fuscal's

while condition do begin

statementl; ]
statementn
snd
Adu uses
[ ]
while condition loep
statementl; ]
]
7
® [ J o L ] [ ] ® ,ll
. .. . " e N e - e o L
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statementn;
end loop:;

e Ada’s return statement causes control to return immediately from the procedure in which it’s
executed.

¢ Instead of Pascal’s

if conditionl then bagin
statementl; ... ; statementn
end
else if condition2 then begin
statementa; ... ; statementz
end
slse begin
statementd; ... ; statementZ
end

Ada uses

if conditionl then

statementl; ... statementn;
elgif condition2 then

statementa; ...; statementz;
else

statementd; ...; statementZ;
end ifr;

Matching each if with an end if eliminates the need for begin blocks. Note also the elsif,
which clearly shows that condition2 logically matches conditionl.

Describe the irrelevant information in this code to your partner. In other words, do not discuss what
you helieve is the purpose of this code. Instead, discuss only the algorithms and the data it uses,

Your partner is to guess the essential information from your description: what purposce the code
accomplishes. The essential information should be described in terms of two things:

* The value of p3 when the procedure finishes exceuting
¢ The name of the procedure

The procedure pis a binary search algorithm. The identifier names are deliberately abbreviated to make
the activity more challenging. A better declaration would be:

procedure Perform_Binary_Search(values: in A;
Element_To_Search_For: in Integer;
Location_Of_Element: out Integer);

This procedure specification succinetly captures that essential information which must be known to
developers that use this procedure. However, as they write their modules, they do not care about details of
the implementations like the identifier names.




Megaprogramming in Ada Course; Abstraction, Workbook

The student asked to listen to her or his partner should, in effect, come up with this declaration. In other
words, the procedure takes as input a sorted array of integers (pl) and an integer value (02). It returns in
D3 the index of the valuc if the value exists in the array. If the value is not in the array, it retumns in p3 the
integer value that is one less than the first valid index into pl. The student presenting the irrelevant details
might say something like:

“The procedure has two inputs. One is an array of integers. The second is an integer. It declares three integer
variables.

“It begins by assigning two of the variables the lower and upper bounds of the array. It then checks to sec
if the second parameter equals the value midway between these two bounds. If it does, then the procedure
assigns the index of the middle value to the third parameter and exits.

“If the sccond parameter does not equal the value in the middle of the array, the procedure resets the bounds
it will check. If the second purameter is greater than the value in the middle of the array, the bounds are reset
to the first half of the array. Otherwise, they are reset to the second half of the array.

“This process repeats until a value matching the second parameter is found, or until the difference between
the bound is 0 or less. In the former case, the third parameter is set to the index of the matching value. In
the latter case, it is set 10 one less than the array’s lower bound.”

This activity will be very difficult if students do not know the algorithm. If your students have not learned
about binary searching, you should substitute an algorithm you have previously taught them,
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Megaprogramming in Ada Course: Information Hiding. Workbaok

UNIT 3: INFORMATION HIDING

UNIT SUMMARY

The first step of developing software from requirements is to create a design. In design, you break a
problem into a set of modules and a structure. The modules, working together in accordance with this
structure, form a solution to the problem. Breaking a problem into modules is important for two
reasons. First, it helps you deal with the complexity of software because you can grasp the workings
of a small module more easily than you can grasp the workings of an entire program. Second, if you
are part of a team, it lets you allocate work assignments among the team members.

Stepwise refinement is a popular design method. In stepwise refinement, you break up a problem by
creating an algorithm to solve that problem. At first, you keep each of the steps of the algorithm
abstract. If you cannot express a step as a single instruction in a programming language, you refine
it into another algorithm. You do this for each step and for each step of each algorithm you create.
You keep refining until you can express every step as a single computer instruction,

At cach refinement, you are making a decisicn. Once you have made the decision, subsequent
decisions will depend on that decision. You can think of design as a chain of decisions.

As an example, let’s consider the problem from Unit 2 of reading, reversing, and writing. In this unit,
we shall change the example slightly:

* The program will read and reverse a set of lines, not integers. The reason for this change will
beeome clear in Unit 4.

* A stack is not used to solve the problem. The implementation chosen here more clearly
compares znd contrasts stepwise refinement and information hiding.

You begin stepwise refinement by creating a main module. This module describes an algorithm that
will solve the problem and the data structures used in the algorithm. You do not state the algorithm
exactly, but rather use procedurces and functions to describe large processing steps. For example, the
main module for the Reverser program is:

procaedure Reverse_File is

type List_Of_Lines is array(l..1000) of String(1l..255);
Data: List_Of_Lines;

Input_File_Name. constant String := "input.txt”;
Output_File_Name: constant String := “output.txt”;
I: Integer;

begin

kead _File(Input_File_Name. Data, I);

Reverse_Lines (Data, I):

Write_File(Qutput_File_Name, Data, I):
end Reverse_File;

This describes a straightforward algorithm: read a file’s contents into a variable named Data, reverse
the contents of Data, and write Daca to another file.




Megaprogramming in Ada Course: Information Hiding, Workbook

You next decompose each procedure. You might decompose Read_File as follows:*

procedure Read File(Input_File_Name:in String;
Data: out List_Of_Lines;
I: in out Integer) is
F: file_type;
Length. Integer;
begin
Open(F, In_File, Input_File_ Name);
Set_Input(F);
I := Data’first;
while not End_Of_File loop
Get_Line(Data(I), Length);
=14+ 1;
end loop;
end Read_File;

In Ada, a procedure may have parameters that are declared in, out, and in out. The Unit2
Summary described in parameters. An out parameter is one whose value may be set but not accessed.
A procedure can both set and access an in out parameter.

The notation Data’ first is the lower index bound of the array Data. This notation helps you write
code that does not need to change if, for some reason, you decide to change the index range of an array.

You follow this strategy until no procedure contains any procedures that need to be decomposed. Here
are Reverse and Write_File:

procedure Reverse_Lines(Data: in out List_Of_ Lines;
I: in integer) is
Copy_Of_Data: List_Of_Lines;

begin
Copy_0Of PData := Data;
for J in Data’first .. I-1 loop
Data(J) := Copy_Of _Data(I-J);
end loop;

end Reverse_Lines;

procedure Write_File(Output_File_Name:in String;
Data: im Li:+ Of_Lines;
I: in Intecyer) is

F: file_type:

begin
Create(F, Out_File, Output_File_Name);
Set_Output (F);
for J in Data’first .. I-1 lenp

Put_Lire(Data{J});

end loop;

end Write_File;

You can see from the above discussion that Figure 1 is the decision chain followed to derive this
program using stepwise refinement.

*  For simplicity and clarity, the code examples omit details of file input and output,
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Algorithm for
main module

|

Representation of

Data (array)
Algorithm for Algorithm for Algorithm for
reading file reversing writing file
Use a while loop Use a for loop Use a for loop

Figure 1. Decision Chain for Stepwise Refinement

Stepwise refinement has a hazard. The decisions made early are often crucial ones and, also, are often
subject to change. Because decisions made late in the design depend on decisions made early,
changing a decision made early often has global repercussions and necessitates many changes to the
software. Such a change is especially troublesome in a team because news of the change must be
communicated to all relevant team members. Think of how difficult this must be on a project involving

teams scattered across the nation at several companices. You can easily sec why change is one of the
great contributors to faulty and costly software.

Information hiding is a design method that helps you deal with change. When you perform
information hiding, you use the principles of abstraction covered in Unit 2. You describe each module
in terms of an interface and hidden information. The interface defines exactly what other modules
can know and use: the esscntial information. The hidden information states things no other module

may assume: the irrelevant details (i.relevant insofar as other modules are concerned). This leads to
designs where changes are confined to a few modules.

In stepwise refinement, the early decisions focus on algorithms. In information hiding, they focus

more on modules. Figure 2 shows the decision chain for the Reverser program derived using
information hiding.

Decide to separate decision chains for:
s Modules that read, reverse, and write
* Modulcs that store data
Decide modules nceded

to read, write, and reverse Decide modules

nceded to stoie data
Decide algorithm Decide algorithm

for reading input for writing output Decide data structur:

for holding lines

Decide algorithm Decide algorithm Decide algorithm
for reversing for main module for holding lincs

Figure 2. Decision Chain for Information Hiding
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Information hiding gives you criteria you can use to judge the quality of your design:
* A module is designed well if it does not know any of the hidden information of other modulss.

* A module is designed badly if the decisions in it depend on decisions in other modules (e.g.,
if Reverse_File assumes stack is implemented using an array).

*  Your objective during design is to minimize the number of badly designed modules.
The ability to judge a design’s quality is an important part of sound engineering practice.

Once you have created your design, you must implement it. The Ada programming language has
features that help you hide information as you write modules:

*  You can use a package to implement a module defincd by information hiding. You can use the
package specification to show the interface. You can use the package body to implement the
hidden information. The rules of Ada allow other packages to access any information in a
package specification, but do not allow other modules to access information in the package’s
body.

* You can usc private types to ensure that data type representations are hidden information.
Private types declare a data type namc that other packages may access, but they forbid other
packages from making any assumptions about the representation of the data.

Here is the Line Holder module implemente ' as an Ada package. First, the package specification:

package Line_Holder is
type List_0f_Lines is private;
subtype Line ig String(l..255):

procedure Initialize(Lines: out List_0Of_Lines);

procadure Add_Line_To_List (Line_To_Add:in Line;
Lines: in out List_Of_Lines);

function Line Number (Lines: in List_Of_Lines; I: in Integer)
return Line;

function Number_ Of_ Lines(Lines: in List_Of_Lines) return Integer;

private
Max_lLines: constant Integer := 100600;
tvpe Lines is array(l..Max_Lines) of Line;
type List_Of_ Lines is record
Number: Integer range 0..Max_Lines;
Values: Lines;
end record;
end Line_Holder;

The type List_0f_Lines is declared private. This means other packages may reference its name and
declarc variables of the type, but they cannot reference its representation. This forces them to
manipulate variables of type List_0f_Lines through the procedures and 